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Liquid Argon
at Fermilab

neutrinos WIMPS
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Outline:

Something about Liquid Argon 

Present situation - Neutrinos, proton decay, WIMPS

Work/prospects at Fermilab
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Bottom Lines:

Neutrinos - excellent event identification,
powerful for distinguishing neutral current π0 from νe CC scatters - θ13
 (eff > 80% cf WC ~ 20%)
                 - energy threshold (<5 MeV) from supernova (or ?)

Proton Decay - sensitive to Kaon modes (unlike WC)

WIMPS - large mass, powerful background rejection
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from Mitch Soderberg

ppm in air 0 12 19500 0.1
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kv/cm

charge (Q) and light (L) yield vs electric field

mechanism of light production

5000 e/mm and 2000 phot./mm at 0.5 kV/cm

dE/dx = 2.1 MeV/cm
ρ= 1.4 gms/cm3
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1.5 mm/µs at 500V/cm; 30 ppt O2 -> 10 ms lifetime; σ(mm)=t1/2 (ms)
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Time distribution of
light* output from
Liquid Argon for
γs, αs and neutrons

2 components:
τ(fast) = 7 ns
τ(slow) = 1600 ns

I(fast)/I(slow)
= 0.3(γ)
= 1.0(α)
= 3.0(neutrons)

*convolved with waveshifter
and PMT response from T. Pollman
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charged particle ionizes argon

ionization electrons move
to wire-planeselectron drift lines
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TPC schematic

Bunneman, Cranshaw,Harvey, Can. J. Res. 27 (1949) 191

Gatti, Padovini,
Quartapelle,Greenlaw,Radeka
IEEE  Trans. NS-26 (2)
(1979) 2910]
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Field lines &
current pulse
simulations

(glitches are
artifacts and
removed by
dispersion of
electrons)

1st plane
(induction)

2nd plane
(induction)

collection
plane

u

y
v
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•Full Simulation of events in the
detector starting from ionization
through signals induced on
wires through amplifier shaping
and Fourier deconvolution etc

–know what to expect using
             `typical’ parameters
–investigate alternatives
   (wire spacing, wire angles)
–develop pattern recognition
 and event ID algorithms

Simulation Software:

Neutral Current Event Vertex
(B. Baller)

2.0 mips

1.8 mips
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Text book
 Electrons

νe+ n -> e- + p
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Text book
 photons
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Liquid Argon in HEP has prospect of fully live Imaging Calorimeter:
an electronic Bubble-Chamber

from C. Rubbia
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50 kton Tank - electrode view
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50 kton Tank - top view
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WIRE LAYOUT (proposal)

+”α” layout
-”α” layout
Vertical layout
Ground layout

Drift

Drift

} “Half” wire
layout

Fixes issue of
wires that do
not reach the
top
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simulation
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Some LArTPC Technical Issues for Neutrino Detectors

Argon Purity
–From atmosphere to purity without evacuation
–How to remove impurities from Argon (filter gas as well as liquid?)
–What impurities matter and how to measure drift lifetime
–What are the sources of contamination and how to avoid/remove them

without pumping (vessel, plastics=> surface physics)

Detector Design
–HV system
–Mechanical reliability - TPC constructed in situ or externally
–Constraints from electronics (eg readout only at top?)
–Light collection scheme; (for `triggering’ and pattern recognition)

Electronics &
DAQ

–Amplifiers, multiplexing, digitizers - in cryostat? Feedthroughs
–Signal/noise (large capacitance) and constraints on TPC design
–Zero suppression, signal processing, local event recognition capability,
100% livetime (not just beam spill)

Simulation &
Reconstruction

–Real and simulated signals on wires; develop signal processing
–Event generation in argon
–Vertex and pattern recognition; cosmic ray rejection; event reconstruction

Vessel Design –Design, (Underground) Construction, Safety
–Cryogenics (cooling system and insulation )
–Thermodynamics (argon temperature and flow distribution)
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molecular
sieve

(water)

copper on
aluminum
(oxygen)

MTS
cryostat

TPC test
cryostat

my
brief
case

cathode signal

anode signal

photodiode
signal

Drift lifetime Measurement

G. Carugno, NIM A 292 (1990)



S. Pordes Liquid Argon@CDF 2/10/09 28

PrM drawing

PrM photograph

cathode gnd grid

anode grid
quartz fiber

anode
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On-line data and DAQ

A. Baumbaugh
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Luke (Materials Test System)

Isolation Valve (below photo)

Put materials in Sample Cage in the Argon Lock
Seal the Argon Lock (open in photograph).
[Evacuate the Argon Lock (or not).]
Purge with pure argon gas (available from the

cryostat).

insertion of materials
without exposure to vacuum
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Cold pre-amp T962 Board Cables & Cable ties

Some Measurements with the Materials Test System

10

30

20

40

0

mV or mS

BNL Amp

T962 Bias Card

Cables and Ties



S. Pordes Liquid Argon@CDF 2/10/09 32

TPC (96 channels, 50 cm)
for electronics development

on bench
into Bo



S. Pordes Liquid Argon@CDF 2/10/09 33

Plane 1 
(Induction, 0°)

Plane 2 
(Induction, +60°)

Plane 3
(Collection, –60°)

5th trigger

Cosmic ray in B0
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Bo Data  - track finding and two track resolution

(J. Spitz, Yale)
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ArgoNeuT (T-962) (Yale-FNAL-MSU-LNGS-UTA)

•0.25 ton LAr TPC in NuMI beam u/s of MINOS ND;
–FNAL cryogenics & purification, MSU electronics & DAQ
–FNAL/YALE/LNGS simulation
–dealt with underground safety issues

•800 νµCC, 15 νeCC, 250 NC per week
–20,000 events in 6 month run
–demonstrate electron/gamma separation

TPC
insertion

Vessel
closed
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Motivation for Large Test System

• Current systems use vacuum evacuation as a
preliminary cleaning step

• This is extremely difficult to scale to very
large volumes – especially mechanically.

• Physics requirements for Liquid Argon
detectors are showing that large volumes are
required. (5 kTon minimum)

• Hence we must study alternative filling
schemes.

To purity without Evacuation

R. Plunkett
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Twenty-ton purity test (LAPD)

3/16” Stainless Steel

Fermilab will add foam
insulation (about 1 ft.)

Detailed cleaning
procedure specified

Mounted on insulated
cribbing.

10 feet

10 feet
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www-microboone.fnal.gov  (E-974)
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from Mitch Soderberg
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from Mitch Soderberg
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from Mitch Soderberg
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•Argon Purity
–From atmosphere to purity without evacuation
–How to remove impurities from Argon (filter gas as well as liquid?)
–What impurities matter and how to measure drift lifetime
–What are the sources of contamination and how to avoid/remove them

without pumping (vessel, plastics=> surface physics)

•Detector Design
–HV system
–Mechanical reliability - TPC constructed in situ or externally
–Constraints from electronics (eg readout only at top?)
–Light collection scheme; (for `triggering’ and pattern recognition)

•Electronics &
•DAQ

–Amplifiers, multiplexing, digitizers - in cryostat? Feedthroughs
–Signal/noise (large capacitance) and constraints on TPC design
–Zero suppression, signal processing, local event recognition capability,
100% livetime (not just beam spill)

•Simulation &
Reconstruction

–Real and simulated signals on wires; develop signal processing
–Event generation in argon
–Vertex and pattern recognition; cosmic ray rejection

•Vessel Design –Design, (Underground) Construction, Safety
–Cryogenics (cooling system and insulation )
–Thermodynamics (argon temperature and flow distribution)

Some LArTPC Technical Progress
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And now for something rather different and
yet fully synergistic
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from Andrew Sonnenschein
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from Andrew Sonnenschein
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Ionization distribution for nuclear recoil and electron

nuclear recoil electron
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S2

S1

from WARP 

S1 (energy, time distribution -> particle dE/dx)
S2 (ionization that escapes recombination -> particle dE/dx)
S1 PSD rejection ~105-6, S2/S1 rejection~102, com. 10^7-8

eα

fast/slow

S2/S1 S2/S1

1 2 3 4 50 100 150 200

surviving ionization
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from Andrew Sonnenschein
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Issues for MAX:

light-yield - PMTs, geometry, WLS
PMT radioactivity
design of TPC - grids, materials
construction of acrylic vessel
chemical purity (drift lifetime)
provision of depleted argon
shielding and vetoing

Prototype  MiniMax
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MiniMax - prototype for MAX
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MiniMax - prototype for MAX
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Back-ups (wow)
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Materials Test System (MTS) - Luke 
TPC for electronics development  - Bo
Bell-jar for photo-cathode and light-fiber testing

Tests performed for atmosphere to purity without evacuation
Demonstration of Argon Piston (purge to few ppm)
Demonstration of Oxygen to few ppb and water to few ppm

Infrastructure 
Single Pass clean Argon Source with Oxygen and H2O filters. 
Home-made Filters for above that can be regenerated in-situ
Internal Filter Pump 
Controls System
Purity Monitor DAQ
Fermilab versions of ICARUS `purity monitor’ and readout electronics
Nitrogen concentration measurement (at the 0.2 ppm)

Test Stand Work at Fermilab
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MicroBooNE
(180 tons total)

Luke Bo

Present Liquid Argon Context

ArgoNeuT

20
ton

LAPD

neutrino
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MicroBooNE
(180 tons total)

Luke

Bo

ArgoNeuT

20
ton

LAPD

MiniMAX

argon and purity monitoring
materials
electronics
controls,software & firmware

Connections between various devices

physics analysis
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Luke Bo

MAXMiniMAX

neutrino

dark matter
MicroBooNE

(180 tons total)

ArgoNeuT

20
ton

LAPD

DArC
LAr5

Proposed Liquid Argon Context

5,000 tons
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Luke 280 kg  - Materials Test System        (operating)

Bo 280 kg  - Electronics Test System (operating)
LAPD  20 tons - Purity without Evacuation (parts ordered)
ArgoNeuT  0.75 tons - Neutrino Interactions   (installing)
MicroBooNE 180 tons  - Physics/R & D              (phase 1 app.)
LAr5 5,000 tons - Physics/Prototype        (EOI/S4 prop)

DArC 1 kg - measure Ar39 Depletion
miniMAX 1 ton - WIMP search/R & D for MAX (today)
MAX 10 tons - Argon (and Xenon) WIMP search  (S4 prop)

GLOSSARY
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Temperature and Velocity Profiles in MicroBooNE
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The ion-rod and a contaminant injection
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Work List for PAB devices for coming year:
(Purity Demonstration instrumentation separate)

Instrumentation:
Complete long PrM
Develop PrM electronics to operate in liquid argon
Test UV LEDs as alternate light source for PrM
Develop TPC modifications to take pre-amps inside cryostat
Extend scintillator trigger for Bo (x 2)

Electronics:
Develop firmware (dynamic decimation, hit region finding) in Bo readout
Develop and test `in-cryostat-electronics’ for Bo

Estimate: 9 months Eng. (incl. MSU), 3 months EP, 2 months MT; $50k + MSU
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 Argon Piston

 Exchange a few Volumes

 Recirculate and Filter to <10 ppb

Visualization of Process

Inlet

Outlet

Argon Gas

Ambient Air

O2 & H2O
Filters

Argon

Cleaner Argon
After Reed Andrews
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Percent O2 Sensor Output vs. Time
 data compared to  analytical model
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 Nitrogen purge introduced at the bottom 
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N2 - 6 ft sensor on tank centerline
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Perfect Mixing Prediction

Comparison of Oxygen displacement by
Argon and by Nitrogen (Argon Piston)

T. Tope

Argon Nitrogen

•to 100 ppm (reduction of 2,000) takes 2.6 volume changes
(cf simple mixing, which predicts ln(2000) = 7.6 volume changes)

Work by T. Tope

% 02


